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underwent single-level, unilateral endoscopic decompressions-no cases of multilevel or bilateral decompressions or decompressions adjacent to a fusion were included in the study. The data represent a multiinstitutional collaboration to examine the outcomes of transforaminal endoscopic spine surgery.
Patients were selected for treatment based on the results of their MRI, physical examination, and dermatomal pain pattern. All patients considered for endoscopic surgical treatment had already exhausted more conservative treatments, which included but were not limited to physical therapy and epidural steroid injections.
Operative technique
Patients were positioned in the lateral decubitus position with the operating room table reversed, the patient's flank over the break in the table, and a rolled blanket under the patient just superior to the iliac crest. The procedure was done under local analgesia and intravenous sedation; the level of anesthetic was titrated so the patient was able to communicate with the surgeon throughout the procedure. The joimax TESSYS endoscopic system was used for the procedure. Percutaneous entry was established entering through the skin 8-14 cm lateral to the midline. Using intermittent fluoroscopic guidance, alternating between lateral and anteroposterior views, we advanced a 25-cm 18-gauge needle and placed it in the disc space through Kambin's triangle, between the exiting and traversing nerves. An anteroposterior fluoroscopic view was used to ensure that the disc space was entered before the needle was past the middle of the pedicle. Sequential reamers were used to enlarge the neural foramen by removing the ventral aspect of the superior facet. By rotating the beveled cannula working channel and endoscope, 360° visualization of the annulus and the exiting and traversing nerve roots was possible. After adequate discectomy and prior to terminating the procedure, the patient was asked the status of his or her radicular symptoms at rest and during leg movement. The working channel and scope were removed, pressure was held on the 5-mm incision for 5 minutes, and the wound was closed with a single interrupted suture.
data collection
For each patient a thermoluminescent whole-body dosimeter (Panasonic) was placed at the midline just superior to the superior gluteal fold (Fig. 1) . The dosimeters were stored in a radiation-free space between the procedures and read by the Dutch National Dose Registration and Information System. The dosimeters for the 151 consecutive patients were collected for an 8-month period. The millisievert (mSv) radiation dose calculated is the derived unit of ionizing radiation in the International System of Units and is a measure of the health effect of low levels of ionizing radiation on the human body. The radiation doses expressed in this study are calculated and derived by taking the monthly total doses from the dosimeters collected and dividing them by the fluoroscopy times.
The SPSS version 14.0 K software (SPSS Inc.) was used to calculate t-tests. A p value < 0.05 was considered statistically significant.
Results
Among the 151 consecutive patients who underwent single-level endoscopic discectomy, 3 were treated at L2-3, 18 at L3-4, 72 at L4-5, and 58 at L5-S1 (Table  1 ). Surveys at 6 weeks postsurgery indicated that 95% of patients were very satisfied, 5% were moderately satisfied, and 0% were not satisfied with their surgery. There were no reports of infection, dural tear, thrombophlebitis, spinal instability, or renal, vascular, or pulmonary injury. There were no serious complications such as cauda equina syndrome or nerve damage resulting in paralysis. Note that previously reported complications have included infection, dysesthesia, thrombophlebitis, dural tear, vascular injury, and death. 21 The radiation exposure doses and procedure times for lumbar levels L4-5 and above and L5-S1 are presented in Table 1 . The mean duration of fluoroscopy for levels L4-5 and above and the mean patient radiation exposure dose during these procedures were 38.4 seconds and 1.5 mSv, respectively. The mean fluoroscopy time for L5-S1 and the mean radiation exposure dose during this procedure were 54.6 seconds and 2.1 mSv, respectively. The 2 groups showed a statistically significant difference in fluoroscopy time and radiation exposure (p < 0.05, t-test). The senior surgeon has performed over 2150 transforaminal endoscopic discectomies. The average fluoroscopy time for his 
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Radiation exposure in endoscopic lumbar surgery first 100 single-level lumbar cases was 158 seconds-approximately 3.5 times the average fluoroscopy time calculated here.
discussion
Minimally invasive spine surgery and needle-based interventional spine procedures typically depend on ionizing radiation for localization and guidance in placing instrumentation. Other studies have addressed spine surgeons' radiation exposure in minimally invasive spine surgeries 2, 3, 5, 7, 8, 10, 12, 14, 15, 18, 20, 22 and in endoscopic spine surgery. 1 Here we prospectively looked at the exposure of patients to radiation during endoscopic spine surgery. Several interesting conclusions can be drawn from the data collected. First, the radiation exposure to patients during transforaminal endoscopic spine surgery is small and in the range of 1-2 mSv. To put that into perspective, the published estimates for cosmic radiation doses to fulltime airline crewmembers is about 2 mSv per year. 11, 17 The average American is exposed to about 6 mSv of radiation annually, according to the National Council on Radiation Protection and Measurements. 16 Half of this typically comes from background radiation that occurs naturally in the environment, and half comes from medical tests such as radiographs, mammograms, and CT scans. 16 Second, L5-S1 procedures, on average, take longer than procedures performed at L4-5 and above and thus result in more patient exposure to radiation. If radiation exposure is an issue for a patient and could impact his or her decision to pursue endoscopic versus nonendoscopic surgery, then it is important to disclose that L5-S1 discectomy procedures require more fluoroscopy exposure.
Third, the fluoroscopy times demonstrated here are about 3.5 times less than those reported in the Ahn et al. study on surgeon radiation exposure in endoscopic spine surgery and 3.5 times less than the fluoroscopy times for the senior surgeon's first 100 endoscopic discectomy cases. 1 Authors of other studies have discussed the surgeon's learning curve in endoscopic spine surgery and its impact on patient outcomes; less experience implementing the endoscopic surgical technique will probably result in longer fluoroscopy times, another factor that may affect radiation exposure to the patient and surgeon. 23 The data presented here are intended to provide for the first time information on patient radiation exposure during endoscopic lumbar discectomy procedures. The measured radiation doses presented are actually calculated doses determined by pooling patient dosimeter readings and then dividing the mean radiation dose by the fluoroscopy time (mSv/sec). The radiation exposure doses to patients are in actuality not just dependent on the duration of fluoroscopy but on other factors as well. Estimates could be improved by recording the average kilovolt peak and tube current (milliamperage) for the patient. Even these estimates are subject to considerable error as real endoscopic spine procedures are often complex and require dynamic changes in field size, geometry, position, and kilovolt peak. 4, 6, 13, 19 Radiation exposure doses also depend on a number of factors intrinsic to the fluoroscopy machine, the body composition of the patient, and the user setup, such as collimation and source-to-skin distance. 4, 6, 13, 19 And although the data on patient radiation exposure during endoscopic lumbar discectomy procedures presented here represent calculated approximations, we conclude that 1) patient radiation exposure during endoscopic spine surgery is small, 2) L5-S1 discectomies are significantly longer in duration than discectomies at other lumbar levels and require longer fluoroscopy times, and 3) the surgeon learning curve involved in endoscopic spine procedures also has an impact on patient radiation exposure. This represents important information for patients who are considering pursuing endoscopic surgical treatment for a herniated lumbar disc.
conclusions
In summary, like other minimally invasive and needlebased interventional spine procedures, endoscopic lumbar discectomy requires patient radiation exposure through fluoroscopy, but these doses are small and probably not enough to discourage patients from considering endoscopic spine surgery for the reason of increased radiation exposure.
